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AbBtract: The high speed logical clrctiitiy ^ed la t^ TX'*^ 

tranaietor ooiq^ttter uaes Phlloo 5122 Ssurffcee Bairlw 
transiatora. AW} and OR gatea are foraed fro« im*Ttar 
or emitter follower coid>inationa. The eaaoode oonfigixra* 
ti©a la uaed ae a power a«|aifier for fast rise 'imd fall 
ttms. Timing pulsea are generated bgr vaetton tid>e«, ami' 
gated on and of f bgr a register driver «;lrettit^. Uiffi^mX 
cheeking is acconplished hy vazying a positive baM i>ia8 
voltage. The TX-0 flip-flop is a high-speed fU^-^op 
package using 10 SBTs aod capable of 5 «eps operation. 
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!• Introduction 

A, The high speed circuitry for the TI-0 computer uaes the Philco 
5122 Surface Barrier transistor. The two logical leTels are 
ground and -3 Yolts, Pulses are negative, vXth a^ ai^litttde of 

-3 volts and a width of from 80 to 100 am sec. The supply 
voltages used for the SBT circuitry are -3, -10 Wad +10 volts. 

B. Stynbols (Sote) 

The following symbols are^ used. «mi^mr 

Transistor (in circuit schematics) ^*^ fr ^ 



Transistor (in block schematics) ^g^-T H 



cetl«*fvr 



-3 volt level 
Ground level 



negative pulse (ground to -3 volts) 



Positive pulse (-3 volts to ground) -C> 

-3 volt supply . c , 

ground O -t 

-10 volt supply ■ 
+10 volt supply n 

Rote 1: For detailed considerations of transistor logi^ and 
^yabology, refer to: 6M-if571, by R. C, Jeffi^. 
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The logical circuitry for the centiral aiachine is constructed 
out of small pltig-in units, each containing one, two, or three 
transistors and associated cwaponents. The types of units and 
their functions are listed below, fee schematic circuit diagrams 
are in figure 1 and detailed descriptions are in the appendix. 



Unit 

P 
L 
M 

R 
S 
T 

E 

k 

C 
F 

F (Mod n) 

B 

Q 



Transistor 



Use 



1 SBT 


Pulse input gate to flip-flop 


1 SBT 


Level input gate and inverter 


1 SBT 


Level input gate with high 
positive bias 


1 SBt 


Register driver inverter 


1 SBT 


Steering gate 


1 SBT 


Single transistor for single 
ealtter-follower 


2 SBT 


Two emitter followers with 
separate outputs 


3 SBT 


Three emitter followers with 
a coBaK>n output 


2 SBT 


Cascode Circuit 


1 QE^jmAl? 


Ferrantl Circuit 


1 CE^WDlAl? 


Ferranti Circuit 


Hone 


Emitter bias for register driver 


1 OE^JDIAI? 


Indicator l^ht oir'cwlt 
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H Logic 

A, •'AMD* and "CR" Gate* 

The »1HD» and «CR» ^tes for tI-0 are either emitter folloirers 
in parallel or inverters in seiles or parmllel. The AMD f^te for 
ground level in, ground level out is a«itter foUowerd in parallel as 
shown in Fig. 2. Because of the restrictions of speed for f mcps cir- 
c\iits, a naxiaiaM of 10 emitter followers nay be placed in parallel in 
this fashion, providing up to a lO-way AMD gate, in inverting AND gate 
for ground level in, -3 level out is shown in Fig, 3. Becat^se of 
limitations of speed, only two inverters may be placed in parallel. The 
capacitance to ground goes up as p C^ idiere C^ is the ccUeciev 
capacitance of an off transistor and p is ttie current galA of the 
transistor, grounded emitter. The inverting OR gate for gro«^d level- 
in, -3 level out is Aown in Fig. U. Beorose there is a finite voltage 
drop across a saturated transistor, (about OJL volt), only two inverters 
may be placed in series in this manner. 

B. Inverter Circuit 

For the inverter circuit (Fig. 5) tiie values of the ii|put 
resistance and positive bias resistance are so calctilated thatj there is 
safety margin when the transistor is saturated and iben it is fut-off. 
This insures maximum noise rejection and tolerance to signal v|a:iation. 
It is assumed on the basis of several tests that no transistor will 
have a p of less than 5 at $,$ ma. collector current. (Oor mij^iaram 
acceptance p at low current is l5» and 11 at end of life) . A iarger 
amount of positive bias is used on iaverter 'input gates to fLl|t-flops 
when -Uie input is from a distant frame, sudi as from core ne«or|', 
toggle switch storage, or the |4ioto-electric tape reader. In t^ese 
eases the induced noise voltages are apt to be larger thsn usna^, snd 
the Inpttt ii^edance to the flip-flop is sufficiently hi^ to al4.ow the 
use of the larger positive bias currant, and consequently snallfr ii^put 
base current. 

This bias is also used in cases vhtre the ground level for the 
emitter is supplied from an emitter follower gate. Such a level goes 
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0.3 TOXt posiU-ve and thus it is necessaxT' ^or the base to be held at 
about ♦0.$ volts to provide adequate mar^Lns during cut-off, 

111 of the inverters in TI-0 use a eapplj voltage of -10 volts. 
However, the actual voltage at the collector never excfeds -U volts, 
since it is claa^jed, either by an emitter foUower folloi»ing it, or by 
a voltage divider to ground. A single Inverter provides current 
sufficient for driving three emitter followers or two ipverters^ It 
can drive a capacitance of 75 wxf, with a fall tiaie of ©♦! jt sec. 
C, Emitter Follower Circuit 

The logical circuitry utiliaeo a cendJination of in^rters ajod 
emitter followers which in general are alternated. This ensures that 
when an emitter follower is turned on, it is always kept in saturation 
since its base is returned eff«otivri.y to -10 volts throu^i the load 
resistor of the previous inverter. The differwice in driving capabi- 
lities of the saturated and non-saturated ««itt«r follower is shown in 
the graph of Fig. 6. The load resistance of the emitter follower is 
returned to +10 volts instead of to ground to shorten the rise time of 
the emitter foUower, This «d.tter follower wiU provide 8 ma. of 
ou^t current at -3 Tolts and will drive a capacitive lo^d of 120 uuf , 
with a rise time of 0,1 ^ sec. 

Z>. Cascode Circuit 

In order to achieve faster rise and fall times and grfater 
driving ability than is possible with either the emitter fellower or 
the inverter, the "cascode" circuit is used. The logical wd circuit 
schematics are shown in Pig. 7. The iapute te Qg aad Q^ «»e eilvayB 
opposite in phase so that in the stea<fy state case only one transistor 
is conducting. Q^ acts as an emitter follower which provides the 
driving current and pulls the iBput quickly down to -3 voltf . Q^ acts 
as an inverter whose function is to pull the output quickly up to 
ground during the transitLon. Thus, the circuit utilizes th# fast rise 
time of the inverter and the fast fall tine of the emitter follower. 
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This configuration is capable of driving a capacitiYS load of U20 uuf . 
with a transition tine of 0,1 ^ sec. No power is wasted in load re- 
sistances, and this circuit is designed to provide 12 aa. output 
curwnt at -3 volts. It will drive 12 emitter followers or 8 Inverter 
bases, and one emitter of an inverter. TX-0 uses the casoode as ti»e 
oul^t stage of aU flip-flops, as a power aiaplifier for driving many 
transistor bases, and as a cable driver. 

Cascode cable drivers are used when sending levels to t^ie mmory 
over 160 oh» coaxial cable. The cable is terminated at the ipput end 
by a resistance in series with the cable. Tbie series termination is 
possible because, unlike the emitter foUowr or inverter, the cascode 
circuit looks like a very low impedance (less than 10 ohms) whep 
driving in either direction. Thus, the driven end of the cable is 
properly terminated at all times, 
III Poise Circuitiy 

A. Timing Pulses 

The tijdng pulses for the computer are generated by vacuum 
tubes. Thirty volt positive pulses are sent to the coaqmter throu* 93 
ohm coaxial cables. 7:1 pulse transfomers with a one tarn secondaiy 
are used at the computer to provide approximately 3.U volt negative 
pulses. A 1M283 diode is used across the primary in order todaiig) ti^e 

overcoat* 

B. Eegister Driver 

Gated register drivers (Figures 6 and 9) supply the 3 ^ralt 
negative pulses to the input gates of the flip-flops. The pulse input 
is at the collector of Q^ and the output is from the emdtter. A pulse 
is passed when Q is saturated from the negative output of inverters 
Q and Qg. Thus, a ground input to either ft^ or Q^ is necessary to 
pass a pulse through the register driver. The two inverters in series 
thus give a two-way CR circuit for the pulses. Up to a 10 way CE 
circuit can be constructed by paraUeling register drivers with a 
coTtmon pulse input and output but different gating. In order to form 
an AND circuit for pulses, emitter follower gates are 
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placed in paraUel to feed the iixputs of the inverters, ill the iiqmts 
mast be at ground to pass a pulse. The pulse output of the register 
driver closely f oUoirs the pulse input. The w&xiMm. pulse current is 
30 na., sufficient for driving 10 pulses bases, and the pulse voltage 
drop throu^ the register driver is less than 0.5 volt, 

C. Pulse Iiqjuts to Plip-Flops 

In order to set or clear the TX-0 flip-flop the "one* or •zero* 
input Must be brought up to ground by the output of a pia»a inverter. 
Up to 1$ such inputs nay be tied in parallel to one side of the flip- 
flop. The negative pulse is inverted and gated by a circuit such as 
thiss Fig. 10. Or, alternately, only one transistor Mgr >e used as a 
gate in this manner: Pig. 11. Here « gron|id level moat b« suppUed to 
the endtter in order to pass the pulse. This arrangownt requires & 
level current equal to ^ while the two transistor gate reqjiires a 
level current equal oniFto ^ b. <1^>- ^^ °^^^ ^ cciq^ement the 
flip-flop, the pulse nmst be steered to the proper side of tjhe flip-flop. 
The circuit which does this is shoim synbolically in Fig, 12. 

IV Marginal Checking 

Marginal checking of all TX-0 cireuitiy is accompllBhed by varying 
the +10 voltage on the base of the inverter -transistors. Increasing 
this positivB bias supply effectively reduces the negative bi^se current 
into the transistor and tends to bring it out of saturaUon. Majdng 
the positive bias supply negative tends to alloir the transistor to con- 
duct idiea it should be held cut pff. atLtter foUoiwrs are not directly 
Marginal checked, but their condition can be investigated by ^Jarginal 
cheeking the inverters which proceed and follow it. For thes* inverters 
noraal aargins are slightly greater than t 10 volts eilher sidii of the 
nonnal ♦lO volt supply. 

V Flip-Flop 

The TI-O flip-flop is shown in Fig. 13. The cLrcuitry is similar to 
that already described, with RC coupling between inverters, positive 
bias, and emitter foUower clamping. Q^ and Q^ are pulse anplifiers 
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which are normally conducting and are cut off by the positive inpat 
pulse at the "zero" or "one" input. Q and Q^ aye the flip-flop 
transistors Ihemselves which are arranged in a conventional KJ-coupled 
Eccles-Jordan trigger circuit. Vftien an input pulse cuts off Q^ or Qg 
this opens the emitter circuit of Q- or Qi , and changes the state of 
the flip-flop. Q^ and Q, are inverters which are used to saturate the 
emitter followers of the output cascode. Qy and Qg, and Q^ and Q^^ 
fona the cascode circuits on the "one"* and "zero" sides respectively. 
Their operation is the same as that previously described for the cascode 
circuit, with the opposite phases being obtained from the inverters on 
opposite sides of the flip-flop. 

The output wave form at 10 mcps is shown in Pifr lU, and various 
marginal checking curves and output characteristics of the flip-flop 
are shown in Figs, li> throu^ 22, 






Attachments: 

Fig. 1: SA-656I4O-3 
rigs, 2 through 12 

Fig! Hi: A-6«S 

Fig. I5i A-6729^ 

Fig. 16j B-6$Ta^ 

Fig. 17t B-65Tai 

Fig. 18$ B-6$T20 

Fig. 19j B-65T19 

Fig, 20t B-6$727 

Fig. 21s B-65T17 

Fig. 22 1 B-6$718 

Appendix (15 pages) 
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Register Pri-ver 

1) Use: Gating circuit for jralses for prulse inputs to flip-flops, 

2) Level input: Ground level for passing pulse, -3 volt level for no 
pulse output. Level input current required: 2,2 ma. 

3) Pulse input: -3.U volt 80 to ICX) niusec pulse. Input pulse current 
equal to output pulse current. 

U) Output: -3 volt 80 to 100 musec. pulse. Pulse amplitude equals 
jjoput antplitude nanus transistor drop. Drop less that 0.5 volt, 
Maadjnum pulse current t 30 ma. Can drive aaxiimim of 10 pulse bases. 
Set-iup delay: about 20 rausec, 

$) Restrictions » Two register drivers driven from the same input gate 
will drive maxLinum of 20 bases. Up to 10 register drivers may be 
placed in parallel with different gating to form a 10-way OR circuit 
for pulses. Placing up to 10 emitter follower gates in parallel before 
■tiie register driver gives a 10-way AKD circuit for pulses, 

6) Power required: 6,6 ma, at -10 v, 

3$ ma, at +10 v, 

7) Marginal Checkings Vary ♦lO volt positive bias on inverter bases. 

8) Plug-in units used: 1 or 2 R, B, T or E or A, 
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REGISTER. i?/?/t/£^ 

Q 



<ia3 



-om 



-#CT 



LEVeL _ 
fNPUT °' 



IhiPUT °' 




puLse 

"° OUTPUT 



IN263 
OlOOE 



ciRcu/r sc//£M/fr/c 
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Pulse and Steering Gates 

1) Use: Provide pulses to complement flip-flop. 

2) Pulse iiqjttts -3 volt 80 to 100 a^ec, pulse. Pulse current 
required? Maxiaium of 3 ■»• 

3) Level inputs: Voltage level at ground on one input, -3 volts on 
the other, caning frcai the outputs of the flip-flop to be coraplemented. 
Input current required to each base at -3 ▼•£ 0.6? ma. 

U) Output J Positive pulse up to ground. Will complement one flip-flop. 

5) Restrictions: There must be no more than 3 transistors in series, 
including gating level input, pulse input, and steering gate. Up to 
l5 gates Bttj be placed in parallel on one side of flip-flop input. 

6) Power required: O.SSi ma. at +10 v, . 

7) Marginal checking: Vary +10 volt positive bias on bases. 

8) KLug-in units used: IP, 2S. 
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a). 8U5CK SCHEMfaiU 



PULSE ^ 6t££I^IN& ^ATES. 

o 



••ctl 



-♦m 



puise 
lAjpur ^ 



TO &R(yuj^o 

9 OR COLLECTOR. 
OF ANdTHeit. 
ihJ\/ER.r€R. 




■ Lri/fi L 

FF "rfA/fi dur 
LAVBL 

FF "UM OUT'' 

/O). ClfiOJlT sSCHCMATIC. 



OUTPOr . 
T6 ''teiKO /v.* 



OVTI'Ut 
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Inverting Cascode 

1) Uses: Power amplifier and level driver. 

2) Input: Voltage level at ground or -3 volts, Ii5)ut current 
required; 2.2ma. 

3) Oul^t: Opposite polarity from input. Voltage level at 
ground or -3 volts. Maximum output current: 12 ma. at -3 v.: U ma. 
at ground level. Can drive raaadraum of 12 emitter followers of- 8 
inverters, and one emitter of pulse or level transistor on the same 
time pulse. Load capacitance for 0.1 vi sec. rise times U20 uuf. 
Delay ■ 30 n^isec. 

k) Power required: 12 ma. at -3 v, 

$.5 ma, at -lOv, 
0.2U ma. at +10 v, 

5) Marginal Checking! Vary +10 volt positive td»s on bases. 

6) Plug-in units used: L,C 
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J^^EJ^TIN^ CASCODE. 




-OCD 



<i(i 



-#cti 



/A/Pcrr o 




^). CIRCUIT SCHEMATIC 



O OUTPUT 



-/cv 



~BV 
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Cable Driver (Inverting Cascode) 

1) Use: To provide level input into 160 ohm cable, which drlTOs 
transistor base, 

2) Input: Voltage level at ground or -3 volts, from emitter follower 
gate or inverter gate. Input current requireds 2,2 ma. 

3) Output: Opposite polarity f rem input. Voltage level at ground 
or negative level less than -3 "rolts determined by voltage drop 
through 130 ohm resistor in series with cable. Maxlimm output current? 
12 ma. Will drive maximum of 100 feet of 10.09 coaxial cable (2 - 160 
ohmsjD.C. resistance « 0.7 ohms/ft.) ** 

h) Restrictions: No termination should be added at end of cable, 
as cable is teiminated in a resistance of I30 ohms in series with the 
input end at the cable driver, 

$) Power requiredj 12 ma at -3 volte, 

$*$ ma» at -10 volts, 
0,2li ma, at +10 v, 

6) Marginal checking* Vary +10 volt positive bias on bases. 

7) Plug-in units used: L,C, 
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6). BiOCK SCHiMATiC . 



CABLE P)e/l/£K. 
O 



OCB 



-om 



■♦CD 



/Afwr 0- 




f3Ca 

'HH' — o ourpirr 



9), CIRCU/T SCHEMATA C. 



-/O)/ 



•■3V 



Mamorandura 6H-ii^6l Page 13 of 25 

Flip-Flop 

1) Use: To provide logical levels at ground or -3 volts. 

2) Input: Positive p\ilse up to ground fran output of puis? gate, 

3) Output: One side at ground: other side at -3 volts. 
Output circuit is inverting cascode. (See Inverting Cascode for 
specifications) Logical d elay before start of rise or fall: 90 to 100 
intisec. 

U) Restrictions: Maximum complement rates $ mcps, 

5) Power required: 18 ma. at -3 volts (maxintam) 

12 Mft. at -10 volts 
1,8 ma. at ♦lO volts, 

6) Marginal checking: Vary ♦10 volt positive bias on inverter bases 
by varying +10 volt iapat to '*MCA'» or "MCB*. 

7) Plug-in unit used: Flip-flop plug-in tmit. 

8) Logical syndooL 4 4 




9) Circuit drawing. See Figure 13. 
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Note on Resistance Values 

Inverters 

All load resistance to -10 volts are 1,$K, with the following 

exceptions: 

2,2K for inverter in Cable driver cascode, for inverter 
when followed by two other inverters, and for AccuBwlator 

carry chain. 

1.5 K for inverters in register drivers. 

Normal positive bias resistance for RC input of 2.2 K and U? uuf let 
82 K. 39 K is used for level input to MBR from jnemory 
frame, toggle switch storage, and PETR, and when the level 
transistor (L unit) in the Program Counter is didven from 
emitter followers. 

Emitter Followers 

All load resistance to +10 volts are 3.? K with the f oUoirijQf eaojeptions 

2 K is used when two emitter foLLowers are used in parallel 
to drive another emitter of a pnlse or level transistor . In 
this case 1^7 ohn resistors are used in the eniitert of the. 
emitter followers as current sharing resistances. 



Sa CS^C^O -3 



a 



fWlLCO SIZZ 



TYPE Rl Ci RZ USE 

(p^\ 2.7K ^pf J*< ««.S£ n^Ptrr G^rs 

:RZ (IT) Z'2JC ^7pf dZK LeueLMfior Gr^tW. 

/^ ^2iC 47pf 39*: MBKUif£iRP-i^fim 

(^ /.SK 68 f^ /Sk Ke:&iS7£KPRmR /ytJ 

^ (S) 3.ftL -47pf /8€iK S7e£PfM& 6fiT£ 



^ r/fp££ EPS TYPE Ca^ 
fWiLCO SJ2l(3) 



01 



Qt 



(:^ (Ch S 



Q3 



6 6 



i 

B 



6 

H 




B £ Pt C D 

Q O Q O 







2.2 K^ 

PP/iCC ^122 



© 



T/P£ 

A CAscapB 





o 



r/P£ 



PI 
^7oa 



2za 

O 



^4 
zza 



CI 




cz 



^2. 

27 on 



© 



6 .opt-fd. 6 .a/^^ o 



£ 

Q 



TYPE 

© 



<& 



O A 



SiM6L£ 



P 
P^fLCO S/22 



£ B 

O Q 



& 



Rl 
Z.IK. 




O 

D A 

G£ 4J01AI7 TYPE 



fERKfi/^Tf 



© 



Rt 



pa 

S4,K. 



S£' '4JD/AI7 



" — O 



1 





//yzes 



© 



6 



A H 



TWO EPS. 



TYP£(£^ 



^ B H E D 

99000 



^5 



© 



PHIIC6 'S/22 



E 
O 



® 




TYPE 

/- N 




W^/CATOiZ 



^E ^JP7^/7 ^^SHT 



''BdTTLEP " 
Pla6'/AiaAJ^TS 

P/A/ COA/NECmUS. 



K A xr-cx-i/7 - 7 



AND 



MD 



lO 



?^^''- — ocb 






■ocp 



1,^ 



-o T^'.^*' 



<ler 



«11l^*^ 



ocb 



ZJ 



'lO 



Ft6,2 



Ft6.3 






<5/^ 



0-:f 



-odD 



-\^ 



y-/0>' re Gl^OUND OR, 

p CCLUCTOR. OP 



2.ZK 



aZK 



tNPUTo- 



o- 




Ql 



J.$K 



-o 0UTPur 



"lOV 



FIG. 4 



Fl6,5 



KJP lOXtOTDTHKlNOH 389-SG 



PLOT OF OUTP/JT 



VpLTAGE Ms. Lr^p 

I II 1114-1-1.:! .n: 




o 



-<d> 



OC3 



-♦cb 



-f-/a\/' 



T 



S2M 



a2/c 



2.2K 






-f7^/ 



/AfPi/r o- — *- 



A&^ 



-/OV 



Z,2K 



~€) '' -O 



66p,f. 




€) 



Q2- -L 



-o OUTPUT 



(?3 



6 
-31/ 



FIS5. 7 



e Ai 1 cfle c (V'c t''' 



•/ 



«jr 



i 



A^ 




'-•dp 



, iD 



FIG. 8 









L£V£L 




OUTPl/T 



1^/283 



Fl6. 9 



(5vc^,£-itv Ur^i;^ 



■y 



AfBGAT/{/£ 

PULS£ . 

/A/PUT ■ V 



o 



-#cri 



-*cri 



pit' 






TO nip-nop 

/^PUT 



PuL&e 

/A/PUT 



6firtA/& LEl/EL 
INPUT 



A 



TO FHP-FIOP 
J A) PUT 



€Ji^ 



Ff&, 10 



•f>- 



flO; II 



9ox.se 

INPUT 



LEVEL ItiPt/T 
T-ROtA FF ~ 

LE\/EL /K/PUZ. 
FROfri FF 



-♦cb 






OUTPUT TO 

" 7.eR0 in ' 



OUTPUT TO 
"OhiC M/* 



r\6. IZ 



P-63369 
VG-71 
F-31^ 
Sir-1328 

F-31Q1 



O 



omtO 



INPtl T AM PUP l£R 



CH^ 



tMPtIT 



-1 






-O ZI«0 OUT 




T 



■o 



PBS. 13 
TX-0 FLIP-FLOP 




OUTPUT 
(UNLOADED) 




OUTPUT 
LOADED WITH 
(»OOMMFD,IOOOil) 



rWVYYV 



TRIGGER 

PULSES 

(to MCS) 



1 



± 



1 



JL 



J L 



100 200 300 400 500 600 

m/iSEC 



TX-0 FLIP-FLOP 



tt> N 

(0 (M £j O 

S © 2 » 

S I I lO 

I O Z I 

< > (0 tl. 



C&3-U 



•l-20r 




4 5 e 

FREQUENCY IN MCS 
FIG. 15 

FREQUENCY MARGINS 



iO 



8-65729 

SN-i329 

F-3184 



PULSE 

VOLTS 



3.0 
2.5 
2.0 
1.5 
1.0 
0.5 



' ■ ' ' "■"" ' ' ' ■ 



4 6 

FREQUENCY IN MCS 



8 



10 



TRIGGER SENSITIVITY 



